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Description 
TECHNICAL FIELD 


[0001] Thepresentinvention generally relates to active 
denial systems for non-lethal weapons. Specifically, the 
present invention relates to the use of directed electro- 
magnetic power to generate sufficiently unpleasant sen- 
sations in targeted subjects to affect behavior or inca- 
pacitate the subject without causing significant physical 
harm. An active denial apparatus is known from US 
2002/011963 A1. 


BACKGROUND ART 


[0002] Existing active denial systems involve the use 
of millimeter-waves, directed onto the subject using a 
focusing system such as a focusing reflector, lens, 
flat-panel array antenna, or phased-array system. The 
properties of these existing focusing systems can be de- 
scribed in terms of a traditional rectangular Cartesian co- 
ordinate system, with x, y, and z axes. Where the direc- 
tion of propagation of a beam is centered along the z- 
axis, traditionalfocusing systems cause the beam to con- 
verge or diverge approximately equally in both x and y 
directions. If the beam is converging as it leaves the ap- 
erture of the device, it will come to a focus - a plane of 
minimum extent in x and y - at some particular location 
along the z-axis. As the beam propagates beyond this 
point, the beam will diverge. 

[0003] Generally, over the distances over which these 
devices are effective, atmospheric absorption of millim- 
eter waves is small, so the average power density in the 
beam at any location along the z-direction is given by the 
total power emitted by the device divided by the effective 
area of the beam (since the beam intensity will not simply 
drop to zero at some distance in x or y away from the z- 
axis, the "boundary" of the beam is usually defined, for 
example, as the contour at which the intensity ofthe beam 
falls to 1/e2 of its peak intensity along the z-axis). In the 
case in which the beam is converging as it leaves the 
device aperture, the beam will have a plane of maximum 
intensity (at the plane of minimum beam area) with de- 
creasing intensity at locations in the z-direction that are 
either further away from or nearer to the device than the 
plane of maximum intensity. 

[0004] Oneissue with the variation of intensity with dis- 
tance along the beam is that there is a range of intensity 
or power density that is useful in the active denial appli- 
cation. There is a minimum power density below which 
the subject is not adequately deterred, and a maximum 
power, density above which the beam can cause damage 
to tissue. Generally, it is preferable that no portion of the 
beam have an intensity exceeding the damage threshold. 
The beam will always have a maximum distance beyond 
which the intensity falls below the effectiveness thresh- 
old, but in some configurations in which the beam is con- 
verging along both the x and y axes as it leaves the ap- 
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erture of the apparatus that generates and emits the 
beam, there will also be a minimum distance from the 
apparatus within which the beam intensity falls below the 
effectiveness threshold. Therefore, one must consider 
the beam intensity with regard to distance from the device 
for uses such as crowd control or close-range situations. 
[0005] The distance over which a traditionally focused 
electromagnetic beam can remain effectively collimated 
(i.e., not significantly converging nor diverging) is related 
to the wavelength and the effective diameter of the beam. 
FIG. 1 (a-d) show beam diameters and power densities 
as a function of distance of propagation away from the 
device for several prior art devices having "circular" fo- 
cusing elements (i.e., that generate beams that depend 
only upon distance along the z-axis and radial distance 
away from the z-axis, but not upon angle around planes 
parallel to the x-y plane). FIGS. 1 (a) and (b) show the 
evolution of beam diameter and power density for devic- 
es having 1 meter diameter apertures, one focused so 
as to create a maximum beam intensity at a distance of 
100 meters from the device and the other configured to 
be collimated at the plane of the aperture. For simplicity 
of comparison, each beam intensity curve is shown nor- 
malized to a peak power density of 1W/cm?. The asso- 
ciated total power requirements to transmit the beams 
shown are 3.9kW (per W/cm2) for the collimated beam, 
and 675W (per W/cm?) for the focused beam. Using a 
focused beam allows a greater than five-fold reduction 
in required peak power, but with these focal conditions 
the focused device will likely be ineffective for distances 
substantially less than 50 meters. The device could be 
dynamically refocused to a shorter distance to address 
a closer subject (or a subject moving toward the device), 
but this adds to system complexity. FIGS. 1 (c) and (d) 
show similar plots to those of (a) and (b), but for devices 
having a 0.3 meter diameter aperture. The focused de- 
vice is configured to place the maximum intensity plane 
at a distance of 10 meters from the device. Again the 
curves are normalized to a maximum peak intensity of 
1W/cm?. The associated total power requirements to 
transmit the beams shown are 360W (per W/cm2) for the 
collimated beam, and 75W (per W/cm?) for the focused 
beam. Here, the collimated beam requires slightly less 
than 5 times as much power, but again, the focused beam 
is likely to fall below effective power densities at distances 
of less than 5 meters unless dynamic focusing is used. 
The collimated systems have greater "depth of field" (de- 
fined here as the range of distance over which the beam 
maintains a usable power density) than the focused sys- 
tems, but the collimated systems require much more total 
output power to reach effective power densities at any 
distance. 

[0006] This disclosure describes approaches to im- 
prove the effective depth of field as defined above, while 
reducing the total output power required to achieve ef- 
fective power densities over a broader range of distanc- 
es. These approaches can be combined or used sepa- 
rately. 


3 EP 2 113 063 B1 4 


DISCLOSURE OF INVENTION 


[0007] The present invention uses a millimeter-wave 
source in conjunction with astigmatic focusing (i.e., 
beam-processing elements having different effective ap- 
ertures or different focal lengths in the x and y directions 
as described above, or both) to produce an active denial 
system with greater depth of field (as defined above) for 
a given peak output power than such a system using 
conventional focusing. The astigmatic or "dual-axis fo- 
cusing" focusing system allows the generation of a beam 
that is, for example, diverging in the x-direction, while 
initially converging in the y-direction. Such a beam can 
maintain an effective area that remains more nearly con- 
stantovera much greater distance along the axis of prop- 
agation (the z-axis as described above) than abeamgen- 
erated with conventional focusing that initially converges 
the beam in both x and y directions. This means that the 
power density in the beam will remain more nearly con- 
stantovera much greater distance along the axis of prop- 
agation. This "depth offocus" approach represents a sig- 
nificant and very important improvement over existing 
active denial systems. FIG. 2 illustrates the profile of such 
a beam as a function of distance along the direction of 
propagation. Note that the x-direction and y-direction 
need not explicitly denote vertical and horizontal direc- 
tions, merely two mutually orthogonal directions each or- 
thogonal to the axis of propagation (the z-axis). 

[0008] Additionally, by incorporating the ability to alter- 
nate the focusing properties between two fixed focus set- 
tings having different effective apertures and focal 
lengths (or sequence through more than two such set- 
tings), the device can generate peak power densities suit- 
able to generate the active denial effect at different rang- 
es alternately (or sequentially), thereby reducing the 
peak output power required to generate the effect ateach 
of the distances. Provided the reduced duty cycle cover- 
age of each of the distance ranges provides adequate 
effect in the situation in which the device is used, this 
technique further reduces the total peak output power 
requirement. 

[0009] It should be understood that the focusing sys- 
tem may comprise a wide range of beam-forming tech- 
niques, including, but not limited to, shaped reflective sur- 
faces, transmissive lenses, and arrays of individual radi- 
ators, collectively phased to produce a desired wavefront 
shape. 

[0010] The present invention therefore includes an ac- 
tive denial apparatus comprising a high-power millimeter 
wave source and at least one beam-processing element 
for directing millimeter-wave energy along an axis of 
propagation, the at least one beam-processing element 
comprising an astigmatic focusing system configured to 
direct a focused beam having a focusing profile in a plane 
defined by a x-axis and a z-axis that includes an axis of 
propagation, and a substantially different focusing profile 
in a plane defined by a y-axis and the z-axis also including 
the axis of propagation that is perpendicular to the x- 
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plane. 

[0011] The present invention includes a method of fo- 
cusing energy in an active denial apparatus comprising 
generating millimeter-wave energy from a high-power 
millimeter-wave source and directing the millimeter-wave 
energy along an axis of propagation, wherein at leastone 
beam processing element for directing the millimeter- 
wave energy includes an astigmatic focusing system 
configured to direct a focused beam with a focusing pro- 
file in a plane defined by a x-axis and a z-axis, which 
contains an axis of propagation, the z-axis, and a sub- 
stantially different focusing profile in a plane defined by 
a y-axis and the z-axis, which contains the axis of prop- 
agation, the z-axis, and is perpendicular to the plane de- 
fined by the x-axis and the z-axis. 

[0012] The foregoing and other aspects of the present 
invention will be apparent from the following detailed de- 
scription of the embodiments, which makes reference to 
the several figures of the drawings as listed below. 


BRIEF DESCRIPTION OF DRAWINGS 
[0013] 


FIG. 1(a) is a graphical representation of beam di- 
ameter as a function of propagation distance for a 1 
diameter meter aperture both collimated at the ap- 
erture and focused for minimum beam diameter at 
100 meters; 


FIG. 1(b) is a graphical representation of power den- 
sity as a function of propagation distance for a 3.9kW 
total power for the collimated beam and for 675W 
for the focused beam; 


FIG. 1(c) is a graphical representation of beam di- 
ameter as a function of propagation distance for a 
0.3 meter diameter both collimated at the aperture 
and focused for minimum beam diameter at a dis- 
tance of 10 meters from the aperture; 


FIG. 1(d) is a graphical representation of power den- 
sity as a function of propagation distance for the 0.3 
meter aperture for 360W total output power for the 
collimated beam and 75W total output power for the 
focused beam; 


FIG. 2 is a pictorial and graphical representation of 
beam profile and power density versus propagation 
distance for an astigmatic focusing system accord- 
ing to the present invention; 


FIG. 3 is a graphical representation of power density 
versus distance for far-range and near-range set- 
tings ofatwo-setting astigmatic focusing system with 
300W total output power; 


FIG. 4 is a cross-sectional side view of a reflector 
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configuration of an astigmatic focusing system in 
which focusing elements are uncurved in the direc- 
tion perpendicular to the page, and - 0.1 meter in 
extent in that direction; 


FIG. 5 is a conceptual drawing of a handheld unit 
employing an astigmatic focusing system according 
to one embodiment of the present invention; 


FIG. 6 is an exploded view of a handheld unit em- 
ploying an astigmatic focusing system according to 
one embodiment of the present invention; and 


FIG. 7 is a multi-dimensional view of an astigmatic 
focusing system according to another embodiment 
of the present invention. 


BEST MODE FOUR CARRYING OUT THE INVENTION 


[0014] Inthe following description ofthe presentinven- 
tion reference is made to the accompanying drawings 
which form a part thereof, and in which is shown, by way 
of illustration, exemplary embodiments illustrating the 
principles of the present invention and how it may be 
practiced. Itis to be understood that other embodiments 
may be utilized to practice the present invention and 
structural and functional changes may be made thereto 
without departing from the scope ofthe appended claims 
[0015] The present invention comprises, according to 
one embodiment, an active denial apparatus 100 that 
includes a millimeter-wave source 110 and at least one 
beam-processing element which comprises an astigmat- 
ic or dual-axis focusing system 200. Together, the mil- 
limeter wave source 110 and the astigmatic focusing sys- 
tem 200 comprise a means for directing millimeter-wave 
energy to a desired target. In one embodiment of the 
present invention, the at least one beam processing el- 
ement ofthe astigmatic or dual-axis focusing system 200 
uses a main reflector 210 to provide the final focusing, 
and a sub-reflector 220 to match the size and divergence 
ofthe waves emanating from the millimeter-wave source 
110to the main reflector 210 so as to achieve the desired 
convergence and divergence of the wave in thex and y 
directions. Application of the astigmatic focusing system 
200 to an active denial apparatus 100 in this type of con- 
figuration results in a broadening of the depth of focus 
and therefore an increase in a usable range ofthe device. 
[0016] FIG. 4 shows a side-view cross-section of the 
focusing elements and the millimeter-wave source 110 
in the active denial apparatus 100. FIG. 4 shows the con- 
figuration of main reflector 210 and sub-reflector 220 ac- 
cording to one embodiment of the present invention. Main 
reflector 210 and sub-reflector 220 may be configured in 
a variety of different ways to produce different focal 
lengths. Additionally, although depicted in FIGS. 4-6 as 
reflectors, it should be noted that these focusing ele- 
ments may include lenses, flat panel antennas, phased 
arrays, mirrors, and any other reflective components that 
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allow waves emanating from the millimeter-wave source 
110 to achieve the desired convergence and divergence 
of the wave in the x and y directions. 

[0017] The millimeter-wave source 110 may be com- 
pact, and could be realized using solid-state grid amplifier 
and/or grid oscillator technology to obtain a high power 
beam. A useful beam profile can be obtained with the 
natural divergence of a beam that is collimated in the 
horizontal direction with a 0.1 meter aperture (i.e., 0.1 
meter extent in the x-direction), and converged to a min- 
imum extent in the y-direction ata distance of ~11 meters 
using an aperture that extends 0.35 meters in the y-di- 
rection. 

[0018] FIG. 5 shows the active denial apparatus 100 
as a handheld unit according to another embodiment of 
the present invention. It should be noted that the astig- 
matic or dual-axis focusing system 200 described herein 
can be scaled to any sized system. The two main com- 
ponents of the active denial apparatus 100 according to 
FIG. 5 are the high-power millimeter-wave source 110 
and the at least one beam processing element compris- 
ing the astigmatic focusing system 200. In this embodi- 
ment, the high-power millimeter wave source 110 com- 
prises a solid-state grid oscillator 130, with an associated 
heat sink 140 and a cooling fan 150. It is understood that 
the high-power millimeter-wave source 110 may com- 
prise other types of solid-state or vacuum-tube-based 
sources. Millimeter-wave energy is radiated from the 
high-power millimeter-wave source 110 to the beam- 
processing element of the astigmatic focusing system 
200. The beam processing element comprises a main 
reflector 210 and a sub-reflector 220, which in the em- 
bodiment of FIG. 5 are shaped reflective surfaces. These 
reflectors 210 and 220 make up the astigmatic or dual- 
axis focusing system 200 that directs a focused beam 
with a focusing profile 230 which contains the axis of 
propagation, the z-axis, in both the xz and yz planes. 
Reflectors 210 and 220 are shaped in such a way such 
that the focusing profile 230 of the beam in the xz plane 
is substantially different from the focusing profile. 230 of 
the beam in the yz plane. In the embodiment shown in 
FIG. 5, the reflectors 210 and 220 curve very little along 
one direction, while their curvature in the other direction 
is much more pronounced. This reflector configuration is 
the same as that depicted in FIG. 4, and will give rise to 
a beam with a near constant cross section over a wide 
depth of field, as shown in FIG. 3. FIG. 6 is an exploded 
view of an active denial apparatus 100 employing an as- 
tigmatic focusing system 200 according to the present 
invention. The exploded view of FIG. 6 clearly depicts 
the multi-reflector configuration discussed above and the 
solid-state oscillator 130, associated heat sink 140, and 
cooling fan 150. 

[0019] FIG. 3 shows a plot of power density versus 
distance for a two-setting device having a near-range 
setting and a far-range setting. Each setting uses dual- 
axis focusing with different aperture sizes and effective 
focal lengths in both x and y directions. By rapidly alter- 
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nating between these two settings, the device can pro- 
duce a nearly constant 1W/cm2 intensity at 50% duty 
cycle over a distance from zero to forty meters for every 
300W of total output power. The ability to alternate the 
focusing properties between two fixed focus settings hav- 
ing different effective apertures and focal lengths (or se- 
quence through more than two such settings) generates 
peakpower densities suitable to achieve the active denial 
effect at different ranges alternately (or sequentially) and 
results in a reduction of the peak output power required 
to generate the effect at each of the distances. 

[0020] The astigmatic focusing system 200 can be con- 
figured to broaden the depth of focus in a variety of ways. 
For example, the components of the at least one beam 
processing element can be selected to direct a focused 
beam with an effective cross-sectional area that is sub- 
stantially constant over a wide range in the direction of 
propagation. In another example, the at least one beam 
processing element may be configured so that the focus- 
ing profile 230 diverges in the plane defined by the x-axis 
and the z-axis (the xz-plane) and converges in the plane 
defined by the y-axis and the z-axis (the yz-plane.) In yet 
another example, the at least one beam processing ele- 
ment may be configured so that the focusing profile 230 
converges in both the xz and yz plane. The astigmatic 
focusing system 200 may also be thought of as a variable 
focusing system configured to include the focusing con- 
figurations discussed herein and to be cycled through 
one or more of those focusing configurations. 

[0021] One skilled in the art will recognize that beam 
processing realized by shaped reflectors can equally be 
realized using shaped transmissive lenses. Alternative 
embodiments in which the beam processing is realized 
by a combination of transmissive lenses and shaped re- 
flectors, or realized using only transmissive lenses are 
also included within the present invention. 

[0022] Beam-forming functions can also be performed 
by array radiators (flat-panel array antennas fed by a sin- 
gle or multiple high-power sources or arrays of active 
elements such as phased arrays), grid amplifiers, and 
grid oscillators. The phasing of the emission from the 
array can be such that the array radiates a curved wave- 
front, with the curvature not constrained to be the same 
magnitude or sign in the xz-plane and yz-plane. FIG. 7 
shows an astigmatic focusing system 200 according to 
one embodiment of the present invention, in which a ra- 
diating array 240 can perform all or a portion ofthe beam 
processing function, depending on the intended range of 
the active denial apparatus 100 and the size of the ap- 
erture 250. Thus, the at least one beam processing ele- 
ment may be partially or fully combined with the high 
power millimeter-wave source 100. Consequently the 
present invention according to this embodiment contem- 
plates a phased array millimeter-wave source 110, con- 
figured in aperture dimensions in the x-direction and y- 
direction and in effective focal point in the xz-plane and 
the yz-plane such that a desired beam profiles in the xz- 
plane and yz-plane are directly generated by the source 
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without need for additional beam processing elements. 
The radiating array 240 of this embodiment of the present 
invention may be in the form of antenna array elements, 
and the phased array millimeter wave source 110 may 
also include a multi-feed flat panel antenna 260, a phas- 
ing network 270, and w-band injection locked sources 
280. 

[0023] The present invention also contemplates a sys- 
tem having two distinct focusing configurations, with two 
different sets of xz-plane and yz-plane beam profiles. 
These beam profiles could be optimized to deliver a de- 
sired power density range, high enough to be effective 
and low enough to avoid damage, over two distinct rang- 
es along the axis of propagation (e.g., a range near the 
aperture of the system and an adjacent range further 
away). Ifthe system's focal configuration were alternated 
between the two configurations, the system would alter- 
nately be delivering an effective power density to each 
of the two ranges. Provided the dwell time of the beam 
in each range and the duty cycle are sufficient to produce 
the desired effect, such a system can effectively cover 
both ranges along the axis of propagation. Such a system 
can use a lower peak power than a system that is required 
to deliver an effective level of power density over both 
ranges of distance simultaneously, which is a significant 
advantage. An active denial apparatus that can rapidly 
alternate between two focal configurations may be most 
simply realized with a system having a focal configuration 
that is modulated electronically, such as a phased array. 
Depending on the range requirements of the application, 
this may be realized using either a variable-focus array 
with no additional beam processing elements, or using 
a variable-focus array feeding additional shaped reflec- 
tors or lenses 

[0024] It is to be understood that a system could be 
configured to cycle through more than two focusing con- 
figurations, to further reduce the peak power require- 
ments for the high power millimeter-wave source. 
[0025] Itis to be further understood that other embod- 
iments may be utilized and structural and functional 
changes may be made without departing from the scope 
of the appended claims mint invention. The foregoing 
descriptions of embodiments of the Invention have been 
presented for the purposes ofillustration and description. 
It is not intended to be exhaustive or to limit the invention 
to the precise forms disclosed. Accordingly, many mod- 
ifications and variations are possible in light of the above 
teachings. For example, the present invention is scalable 
beyond a handheld device to a system of any size, and 
can be configured for mobile weapons systems. Addi- 
tionally, the millimeter-wave source may comprise other 
types of energy sources such as other solid-state or vac- 
uum tube-based sources. It is therefore intended that the 
scope of the invention be limited not by this detailed de- 
scription. 
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Claims 


1. 


An active denial apparatus (100) comprising: 


a high-power millimeter wave source (110); and 
atleastone beam-processing elementfor direct- 
ing millimeter-wave energy along an axis of 
propagation, the at least one beam-processing 
element comprising an astigmatic focusing sys- 
tem (200) configured to direct a focused beam 
having a focusing profile in a plane defined by 
a x-axis and a z-axis that includes an axis of 
propegation, and a substantially different focus- 
ing profile in a plane defined by a y-axis and the 
z-axis also including the axis of propagation that 
is perpendicular to the plane defined by the x- 
axis and the z-axis. 


The active denial apparatus of claim 1, wherein the 
astigmatic focusing system is configured to direct 
the focused beam with an effective cross-sectional 
area that is substantially constant over a wide range 
in the direction of propagation. 


The active denial apparatus of claim 1, wherein the 
focusing profile diverges in the plane defined by the 
x-axis and the z-axis and converges in the plane de- 
fined by the y-axis and the z-axis. 


The active denial apparatus of claim 1, wherein the 
at least one beam processing element includes at 
leastone of a shaped reflector, shaped transmissive 
lens,flat-panelarray antenna, ora phased array sys- 
tem, or any combination thereof. 


The active denial apparatus of claim 1, wherein the 
at least one beam-processing element further com- 
prises a main reflector (210) and a sub-reflector 
(220), the sub-reflector configured to match a size 
and a divergence of millimeter waves emanating 
from the high-power millimeter wave source (110) to 
the main reflector (210) to achieve desired focusing 
profiles in the plane defined by the x-axis and the z- 
axis and the plane defined by the y-axis and the z- 
axis, the main reflector configured to provide final 
focusing of the focused beam. 


The active denial apparatus of claim 1, wherein the 
high-power millimeter-wave source includes a solid- 
state source or a vacuum tube-based source. 


The active denial apparatus of claim 6, wherein the 
high-power millimeter-wave source includes atleast 
one of a grid amplifier or a grid oscillator (130), or 
any combination thereof. 


A method of focusing energy in an active denial ap- 
paratus comprising: 
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10. 


11. 


12. 


13. 


14. 


generating millimeter-wave energy from a high- 
power millimeter-wave source (110); and 
directing the millimeter-wave energy along an 
axis of propagation, wherein at least one beam 
processing element for directing the millimeter- 
wave energy includes an astigmatic focusing 
system (200) configured to direct a focused 
beam with a focusing profile in a plane defined 
by a x-axis and a z-axis, which contains an axis 
of propagation, the z-axis, and a substantially 
different focusing profile in a plane defined by a 
y-axis and the z-axis, which contains the axis of 
propagation, the z-axis, and Is perpendicular to 
the plane defined by the x-axis and the z-axis. 


The method of claim 8, further comprising matching 
a size and a divergence of millimeter waves ema- 
nating from the high-power millimeter-wave source 
to a main reflector (210) to achieve desired beam 
profiles in the plane defined by the x-axis and the z- 
axis and the plane defined by the y-exis and the z- 
axis, the main reflector configured to provide final 
focusing of the focused beam. 


The method of claim 6, wherein the directing the mil- 
limeter-wave energy along the axis of propagation 
further comprises configuring a sub-reflector (220) 
to match the size and the divergence of millimeter 
waves emanating from the high-power millimeter- 
wave source (110) to the main reflector (210). 


The method of claim 8, wherein the directing the mil- 
limeter-wave energy along the axis of propagation 
further comprises configuring the astigmatic focus- 
ing system (200) so that the focusing profile diverges 
in the plane defined by the x-axis and the z-axis and 
converges in the plane defined by the y-axis and the 
z-axis. 


The method of claim 8, wherein the atleastonebeam 
processing element for directing the millimeter-wave 
energy includes at least one of a shaped reflector, a 
shaped transmissive lens, a flat-panel array anten- 
na, or a phased array system, or any combination 
thereof. 


The method of claim 8, wherein the high-power mil- 
limeter-wave source (110) includes at least one ofa 
solid-state source, a vacuum tube-based source, a 
grid amplifier, or a grid oscillator, or any combination 
thereof. 


The method of claim 8, further comprising alternating 
the millimeter-wave energy between a plurality of 
fixed focus settings having either different effective 
apertures, different effective focal lengths in the 
plane defined by the x-axis and the z-axis, the plane 
defined by the y-axis and the z-axis, or both, or both 
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different effective apertures and effective focal 
lengths. 


Patentansprüche 


1. 


Active-Denial-Vorrichtung (100), umfassend: 


eine Hochleistungs-Millimeterwellequelle (110); 
und 

mindestens ein Strahlverarbeitungselement 
zum Leiten der Millimeterwellenenergie entlang 
einer Ausbreitungsachse, wobei das minde- 
stens eine Strahlverarbeitungselement ein 
astigmatisches Fokussierungssystem (200) 
umfasst, das so konfiguriert ist, dass es einen 
fokussierten Strahl mit einem Fokussicrungs- 
profil in einer Ebene, die durch eine x-Achse und 
eine z-Achse definiertist und eine Ausbreitungs- 
achse umfasst, und einem im Wesentlichen ver- 
schiedenen Fokussierungsprofil in einer Ebene 
leitet, die durch eine y-Achse und die z-Achse 
definiert ist und ebenfalls die Ausbreitungsach- 
se umfasst, die senkrecht auf die Ebene ist, die 
durch die x-Achse und die z-Achase definiert ist. 


Active-Denial-Vorrichtung nach Anspruch 1, wobei 
das astigmatische Fokassierungssystem so konfi- 
guriert ist, dass es den fokussierten Strahl mit einer 
effektiven Querschnittsflàche leitet, die ùber einen 
weiten Bereich in der Ausbreitungsrichtung im We- 
sentlichen konstant ist. 


Active-Denial-Vorrichtung nach Anspruch 1, wobei 
das Fokussierungsprofil in der Ebene, die durch die 
x-Achse und die z-Achse definiert ist, divergiert und 
in der Ebene, die durch die y-Achse und die z-Achse 
definiert ist, konvergiert. 


Active-Denial-Vorrichtung nach Anspruch 1, wobei 
das mindestens eine Strahlverarbeitungselement 
mindestens eines von einem geformten Reflektor, 
geformten transmissiven Linsen, einer flachen Grup- 
penantenne oder einem Phased-Array-System oder 
eine Kombination davon umfasst. 


Active-Denial-Vorrichtung nach Anspruch 1, wobei 
das mindestens eine Strahlverarbeitungselement 
ferner einen Hauptreflektor (210) und einen Hilfsre- 
flektor (220) umfasst, wobei der Hilfsreflektor so kon- 
figuriert ist, dass er eine Größe und eine Divergenz 
von Millimeterwellen, die aus der Hochleistungs-Mil- 
limeterwellenquelle (110) zum Hauptreflektor (210) 
hervorgehen, anpasst, um gewünschte Fokussie- 
rungsprofile in der Ebene, die durch die x-Achse und 
die z-Achse definiert ist, und der Ebene zu erreichen, 
die durch die y-Achse und die z-Achse definiert ist, 
wobei der Hauptreflektor so konfiguriert ist, dass er 
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10. 


11. 


eine Endfokussierung des fokussierten Strahls be- 
reitstellt. 


Active-Denial-Vorrichtung nach Anspruch 1, wobei 
die Hochleistungs-Millimeterwellenquelle eine Fest- 
körperquelle oder eine Quelle auf Vakuumròhrenba- 
sis umfasst. 


Active-Denial-Vorrichtung nach Anspruch 6, wobei 
die Hochleistungs-Millimeterwellenquelle minde- 
stens eines von einem Gitterverstärker oder einem 
Gitteroszillator (130) oder einer Kombination davon 
umfasst. 


Verfahren zum Fokussieren von Energie in einer Ac- 
tive-Denial-Vorrichtung, umfassend: 


Erzeugen von Millimeterwellenenergie aus ei- 
ner Hochleistungs-Millimeterwellenquelle 
(110); und 

Leiten der Millimeterwellenenergie entlang ei- 
ner Ausbreitungsachse, wobei mindestens ein 
Strahlverarbeitungselement zum Leiten der Mil- 
limeterwellenenergie ein astigmatisches Fokus- 
sierungssystem (200) umfasst, das so konfigu- 
riert ist, dass es einen fokussierten Strahl mit 
einem Fokussierungsprofil in einer Ebene, die 
durch eine x-Achse und eine z-Achse definiert 
ist und eine Ausbreitungsachse, die z-Achse, 
enthält, und einem im Wesentlichen verschie- 
denen Fokussierungsprofil in einer Ebene leitet, 
die durch eine y-Achse und die z-Achse definiert 
ist und die Ausbreitungsachse, die z-Achse, ent- 
hält, die senkrecht auf die Ebene ist, die durch 
die x-Achse und die z-Achse definiert ist. 


Verfahren nach Anspruch 8, ferner umfassend ein 
Anpassen einer Größe und einer Divergenz von Mil- 
limeterwellen, die aus der Hochleistungs-Millimeter- 
wellenquelle zu einem Hauptreflektor (210) hervor- 
gehen, um gewünschte Strahlenprofilein der Ebene, 
die durch die x-Achse und die z-Achse definiert ist, 
und der Ebene zu erreichen, die durch die y-Achse 
und die z-Achse definiert ist, wobei der Hauptreflek- 
tor so konfiguriert ist, dass er eine Endfokussierung 
des fokussierten Strahls bereitstellt. 


Verfahren nach Anspruch 8. wobei das Leiten der 
Millimeterwellenenergie entlang der Ausbreitungs- 
achse ferner ein derartiges Konfigurieren eines Hilfs- 
reflektors (220) umfasst, dass er die Größe und die 
Divergenz von Millimeterwellen anpasst, die aus der 
Hochleistungs-Millimeterwellenquelle (110) zum 
Hauptreflektor (210) hervortreten. 


Verfahren nach Anspruch 8, wobei das Leiten der 
Millimeterwellenenergie entlang der Ausbreitungs- 
richtung ein derartiges Konfigurieren des astigmati- 
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schen Fokussierungssystems (200) umfasst, dass 
das Fekussierungsprofil in der Ebene, die durch die 
x-Achse und die z-Achse definiert ist, divergiert und 
in der Ebene, die durch die y-Achse und die z-Achse 
definiert ist, konvergiert. 


Verfahren nach Anspruch 8, wobei das mindestens 
eine Strahlverarbeitungselement zum Leiten der Mil- 
limeterwellenenergie mindestens eines von einem 
geformten Reflektor, geformten transmissiven Lin- 
sen, einerflachen Gruppenantenne oder einem Pha- 
sed-Array-System oder einer Kombination davon 
umfasst. 


Verfahren nach Anspruch 8, wobei die Hochlei- 
stungs-Millimeterwellenquelle (110) mindestens ei- 
nes von einer Festkörperquelle, einer Quelle auf Va- 
kuumröhrenbasis, einem Gitterverstärker oder ei- 
nem Gitteroszillator oder einer Kombination davon 
umfasst. 


Verfahren nach Anspruch 8, ferner umfassend ein 
Wechseln der Millimeterwellenenergie zwischen ei- 
ner Mehrzahl von festen Fokuseinstellungen, die 
entweder verschiedene effektive Öffnungen, ver- 
schiedene effektive Brennweiten in der Ebene, die 
durch die y-Achse und die z-Aclase definiert ist, oder 
beides oder sowohl verschiedene effektive Òffnun- 
gen als auch effektive Brennweiten aufweisen. 


Revendications 


1. 


Appareil d’interdiction active (100) comprenant : 


une source d’ondes millimétriques haute puis- 
sance (110) ; et 

au moins un élément de traitement de faisceau 
pour diriger l'énergie des ondes millimétriques 
le long d'un axe de propagation, lau moins un 
élément de traitement de faisceau comprenant 
un système de focalisation astigmatique (200) 
configuré pour diriger un faisceau focalisé ayant 
un profil de focalisation dans un plan défini par 
un axe x et un axe z qui comprend un axe de 
propagation, et un profil de focalisation sensi- 
blement différent dans un plan défini par un axe 
y et laxe z comprenant également l'axe de pro- 
pagation qui est perpendiculaire au plan défini 
par l'axe x et l'axe z. 


Appareil d'interdiction active selon la revendication 
1, dans lequel le système de focalisation astigmati- 
que est configuré pour diriger le faisceau focalisé 
avec une surface effective de section transversale 
qui est sensiblement constante sur une grande dis- 
tance dans la direction de propagation. 
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3. 


Appareil d'interdiction active selon la revendication 
1, dans lequel le profil de focalisation diverge dans 
le plan défini par l'axe x et l’axe z et converge dans 
le plan défini par laxe y et l'axe z. 


Appareil d'interdiction active selon la revendication 
1, dans lequel l’au moins un élément de traitement 
de faisceau comprend au moins un élément parmi 
un réflecteur profilé, une lentille de transmission pro- 
filée, une antenne réseau plane ou un système ré- 
seau à commande de phase, ou toute combinaison 
de ceux-ci. 


Appareil d'interdiction active selon la revendication 
1, dans lequel l’au moins un élément de traitement 
de faisceau comprend en outre un réflecteur princi- 
pal (210) et un sous-réflecteur (220), le sous-réflec- 
teur étant configuré pour accorder une taille et une 
divergence d'ondes millimétriques émanant de la 
source d'ondes millimétriques haute puissance 
(110) vers le réflecteur principal (210) pour obtenir 
des profils de focalisation souhaités dans le plan dé- 
fini par Paxe x et l'axe z et le plan défini par laxe y 
et l'axe z, le réflecteur principal étant configuré pour 
délivrer la focalisation finale du faisceau focalisé. 


Appareil d'interdiction active selon la revendication 
1, dans lequel la source d'ondes millimétriques haute 
puissance comprend une source à semi-conducteur 
ou une source à tubes à vide. 


Appareil d'interdiction active selon la revendication 
6, dans lequel la source d'ondes millimétriques haute 
puissance comprend au moins un élément parmi un 
amplificateur à grille ou un oscillateur à grille (130), 
ou toute combinaison de ceux-ci. 


Procédé de focalisation d'énergie dans un appareil 
d'interdiction active comprenant les étapes 
suivantes : 


générer une énergie d'ondes millimétriques à 
partir d'une source d'ondes millimétriques haute 
puissance (110) ; et 

diriger l'énergie des ondes millimétriques le long 
d'un axe de propagation, où au moins un élé- 
ment de traitement de faisceau pour diriger 
l'énergie des ondes millimétriques comprend un 
système de focalisation astigmatique (200) con- 
figuré pour diriger un faisceau focalisé ayant un 
profil de focalisation dans un plan défini par un 
axe x et un axe z, qui contient un axe de propa- 
gation, l’axe z, et un profil de focalisation sensi- 
blement différent dans un plan défini par un axe 
y et laxe z, qui contient laxe de propagation, 
l'axe z, et est perpendiculaire au plan défini par 
Paxe x et l’axe z. 
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Procédé selon la revendication 8, comprenant en 
outre d’accorder une taille et une divergence d'ondes 
millimétriques émanant de la source d'ondes milli- 
métriques haute puissance vers un réflecteur prin- 
cipal (210) pour obtenir des profils de focalisation 
souhaités dans le plan défini par l’axe x et l’axe z et 
le plan défini par laxe y et l'axe z, le réflecteur prin- 
cipal étant configuré pour délivrer la focalisation fi- 
nale du faisceau focalisé. 


Procédé selon la revendication 8, dans lequel diriger 
l'énergie d'ondes millimetriques le long de l’axe de 
propagation comprend en outre de configurer un 
sous-réflecteur (220) pour accorder la taille et la di- 
vergence des ondes millimétriques émanant de la 
source d'ondes millimétriques haute puissance 
(110) vers le réflecteur principal (210). 


Procédé selon la revendication 8, dans lequel diriger 
l'énergie d'ondes millimétriques le long de laxe de 
propagation comprend en outre de configurer le sys- 
tème de focalisation astigmatique (200) de manière 
à ce que le profil de focalisation diverge dans le plan 
défini par l'axe x et l'axe z, et converge dans le plan 
défini par laxe y et laxe z. 


Procédé selon la revendication 8, dans lequel l’au 
moins un élément de traitement de faisceau destiné 
à diriger l'énergie d'ondes millimétriques comprend 
au moins un élément parmi un réflecteur profilé, une 
lentille de transmission profilée, une antenne réseau 
plane ou un système réseau à commande de phase, 
ou toute combinaison de ceux-ci. 


Procédé selon la revendication 8, dans lequel la 
source d'ondes millimétriques haute puissance 
(110) comprend au moins un élément parmi une 
source à semi-conducteur, une source à tubes à vi- 
de, un amplificateur à grille ou un oscillateur à grille, 
ou toute combinaison de ceux-ci. 


Procédé selon la revendication 8, comprenant en 
outre d'alterner l'énergie des ondes millimétriques 
entre une pluralité de réglages de focalisation fixe 
ayant soit des ouvertures utiles différentes, soit des 
distances focales effectives différentes dans le plan 
défini par l’axe x et l'axe z, le plan défini par laxe y 
et l'axe z, ou les deux, ou à la fois des ouvertures 
utiles différentes et des distances focales effectives 
différentes. 
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